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Co-leaders (from 2010): Tim Gershon, University of Warwick
Alan Schwartz, University of Cincinnati
2007-2010 Alan Schwartz, Gianluca Cavoto
2005-2007: Soeren Prell, Simon Eidelman
2002-2005: David Kirkby, Yoshihide Sakai

Goal: provide up-to-date world averages for measurements of B, D, and t
meson related quantities. Results can be freely quoted by conference
speakers, theorists, etc.

Policy: We use the latest conference results in averages; however, if a result is
not submitted for publication within 12 months of presentation (or if there are
no plans to publish a result), we withdraw it from world averages.

For averages, we do not inflate errors.



Organization

/7 semi-independent subgroups:

B Lifetimes and Mixing
Semileptonic B Decays
Unitarity Triangle

Rare B Decays

b to c Decays

Charm Physics

Tau Physics

Web pages: subgroups update their websites typically 2-3 times/year, e.g.,

after Moriond, after ICHEP/LP, sometimes after FPCP/CKM, eftc.
(http://www.slac.stanford.edu/xorg/hfag/)

These provide world averages for conference speakers, theorists, etc.

Preprint: every 1-2 years, all results are collected together in one paper
and posted to arXiv (hep-ex). The most recent posting is:

Y. Amhis et al., "Averages of b-hadron, c-hadron, and t-lepton Properties as of
Early 2012,” arXiv:1207.1158

Provide averages for the PDG (next slide)
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HFAG and the PDG

HFAG provides numerous averages to the PDG (contact: Weiming Yao)
The provided averages currently include:

A. Lifetimes and Oscillations:

- b lifetimes
- B mixing parameters
- b production fractions

AL, ¢,
B. UT Triangle:

- Sin2pB (B°— ccbar K°)
-|A| (B°— ccbar K%

C. Charm:
- mixing parameters x y

- strong phases J,
- CPV parameters rq

A. Schwartz and T. Gershon/HFAG

D. Semileptonic decays:

- |V_,| x F(1) for B°— D*- I+ v with p? and correlation
- |V_,| x F(1) for B°— D- I+ v with p? and correlation

- ExIcusive B(B°— D- I+ v)
- Exclusive B(B°— D*- I+ v)
- Exclusive B(B*— D0 | v)

- Exclusive B(B*— D*0 I v)

- Exclusive B(B*— D- n+ | v)
- Exclusive B(B*— D*- n+ | v)
- Exclusive B(B°— DO m+ | v)
- Exclusive B(B°— D*0 &+ 1 v)

- Inclusive B(B°/B*— I+ v X)
-V, for inclusive and exclusive b to u | v decays

- Exclus:ve B(B°— n- I+ v)
- Exclusive B(B°— p- I+ v)

PDG Meeting, CERN  October 6, 2012 3



HFAG Transition to the LHC Era

CmS. C
L. THE
w ‘ » CATLAS

” LEXPERIMENT

HFAG began as a collaboration between Belle and BaBar, with some input
from CLEO and LEP

Over the past five years, CDF and D have played larger roles. For B,
physics, they are playing leading roles.
[Tesarek, Tonelli, Jones, Harr (CDF), Bernhard, Van Kooten (DO)]

A number of HFAG members collaborate on LHC experiments, so there is
already some LHCb, ATLAS, CMS representation. Over the past year, new
LHCb representatives have joined most HFAG subgroups

[Leroy, Carbone, Patel, Amhis, Gersabeck; joining Schneider, Gershon, Bozzi |
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Active Members:
Olivier Leroy (LHCb)
Rick van Kooten (D©)
Olivier Schneider (Belle/LHCb)
Rick Tesarek (CDF)

Tasks:
b-hadron lifetimes
b-hadron fractions
B mixing, CPV
(AT, Am, |q/p|)
B_ mixing, CPV
(AT, Am_, |q/p|, B;)

A. Schwartz and T. Gershon/HFAG

LHCb 1.0fb™ + CDF 9.6fb '+ DO 8fb~ + ATLAS

HFAG: Lifetimes and Mixing subgroup
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| T | T | T T
ALEPH e+ 0.446 = 0.026 = 0.019 ps’
Calculated for (?;)?Eglsﬁs")‘ . 0.519 = 0.018 = 0.011 ps”
the PDG 2012: 5 ana]yses) ) e e ps
0.444 = 0.028 = 0.028 ps™
OPAL . 0.479 = 0.018 = 0.015 ps’
(5 analyses)
0.495 = 0.033 = 0.027 ps™
DO . 0.506 = 0.020 = 0.016 ps
(1 analysis)
BABAR fof 0.506 = 0.006 = 0.004 ps™
(4 analyses)
0.509 = 0.004 =+ 0.005 ps™
LHCb S 0.499 = 0.032 = 0.003 ps™
(1 analysis)
Average of above H 0.507 = 0.004 ps'1
after adjustments
CLEO+ARGUS . 0.498 =+ 0.032 ps™*
(x4 measurements)
World avera%e H 0.507 = 0.004 ps'1
April 2012
| I | I | I | I
0.4 0.45 0.5 0.55
"HFAG average 1
without adjustments Am (ps )
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Active Members:
Angelo Carbone (LHCDb)
Kenkichi Miyabayashi (Belle)
Tim Gershon (BaBar/LHCDb)
Diego Tonelli (CDF)
Karim Trabelsi (Belle)

Tasks: +
time-dependent Cop

cp VS Cep @

CPV parameters, | ... A S BaBar-
Belle
91 () (et " LHCb
¢2 (ﬁ ) 02 b N B3 Averag(; |
-04 - i
-0.6 -
08 06 04 02 0
SCP

Contours give -2A(In L) =

A. Schwartz and T. Gershon/HFAG

sz =1, corresponding to 60.7% CL for 2 dof

PDG Meeting, CERN

HFAG: UT Triangle subgroup

sin(2B") = sin(2¢

T

PRELIMINARY

b—ccs World Average |

oK Average e
WK Average i e[
KoK Ks Average 1 —e—
K Average | b

p°Ks Avérage :
oKy Average | —a—f
K Average i s i
K, Average = ———+—H—

fyKs  Aveérage

,0 . R
TT JTH‘G AVe'age "

¢’ K, Avérage
=« Kg NRvérage
K4 K® Avérage i

o :Avc%erage :

i

\ 0.68 = 0.02

et
0747015

© 0.59 +0.07
L 0.72:0.19

0.57 = 0.17

L 0547038

0.45+0.24

o.fegifgjligi
4 0482053
0202053
072071
i 097738
0012033
| 068 3%

| 068007

-16 -14 12 -1 -08 -06 -04 -02 0 02 04 06 08 1 12 14 16
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Active Members:

Concezio Bozzi (BaBar/LHCb)

Matthew Jones (CDF)
Vera Liith (BaBar)

Tasks:

HFAG: Semileptonic subgroup

Branching fractions inclusive
Branching fractions exclusive

Veol 5 [Vl

Christoph Schwanda (Belle)
Phillip Urquijo (Belle)
Marcello Rotondo (Babar)
Jochen Dingfelder (Belle)

ALEPH

313+ 18+ 13 "~
CLEO

400+ 12+ 16
OPAL excl

366+ 1.6+ 1.5
OPAL partial reco
372+ 12+ 23
DELPHI partial reco
354+ 14+ 23
DELPHI excl

362+ 1.7+ 20
BELLE

347+ 022 10 —
BABAR excl 1
341+ 03= 10 A

BABAR D*0 ;
351+ 06+ 1.3 T

BABAR global fit d
358+ 02+« 1.1 ‘1

Average ;
359+ 0.1+ 0.4 [*]

¥?/dof =29.7/23 (CL = 15.70 %)

HFAG

25 30 35 40 45
F(1) x IV _| [107]

A. Schwartz and T. Gershon/HFAG

Moments

BLNP Scheme:

[Bosch, Lange, Neubert, Paz, PRD 72:073006 (2005)]

CLEO (E)

4.19 =049 +0.26 - 0.34
BELLE sim. ann. (mx, q?)
446 047 +025-027
BELLE (E )

488 +045+024-027
BABAR (E )

448 +0.25+0.27-0.28
BABAR (EC, s;““)

4.66 +0.31+0.31-0.36
BELLE multivariate (p*)
447+027+0.19-0.21
BABAR (mX<l .55)
4.17+0.19+0.24

BABAR (m,<1.7)

397 £0.22 +0.20

BABAR (m <1.7,¢’>8)
425+023+0.23-0.25
BABAR (P*<0.66)
4.02+025+024-0.23
BABAR (m_, ¢ fit, p*>1GeV)
428 +0.24+0.18-0.20
BABAR (p*>1.3GeV)
429 +0.27+0.19-0.20
Average +/-exp + theory - theory
440 +0.15+0.19-0.21

ﬁ/dof 110/11(CL 44.00 %)
osch, Lange, Neubert and Paz (BLNP)
Phys.Rev.D72:073006,2005

2
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HFAG: b to charm subgroup

Active Members: HFAG/b2charm end_of 2011
/ Ch dB BABAR PDG2010
SlmOn Blyth (Be”e) muﬁgglee D, D* or D** mesons——+——++— Belle %I New Average
Andrzej Bozek (Be”e) CD(I;: [ ] New,no correl
Gianluigi Cibinetto (IBaBar) o e
Matteo Rama (BaBar) v oTR
Yasmine Amhis (LHCb) H DD k-
DD*=(2010)
Tasks: .
Branching fractions b D"

(with averages) —

WD+ (2010) D~ K~

4D+ D"~ (2010) K~

#—e—nD*0(2007) D~

HD*0(2007) D~ (2010)

o ,D°D°4

HD*~(2010) D**(2010) K ~

DD~ K°

—i7p+0(2007) D~ K°
0.0 1.0 2.0 3.0

(10°)

2012-05-25T00:49+0800 01116
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Active Members:
Ralf Bernhard (D©)
Shohei Nishida (Belle)
Rob Harr (CDF)
Jim Smith (BaBar)
Mitesh Patel (LHCb)

Tasks:

Charmless mesonic decays

Radiative decays

Leptonic decays

Baryonic decays

Ace

Vector-vector polarization

B_decays

Now providing averages for
Kutw differential BF, A,
etc. in bins of g?

A. Schwartz and T. Gershon/HFAG

PDG Meeting, CERN

HFAG: Rare subgroup

Rare Bs Decay Modes

L

—— p HFAG
i
. Aug 2012
ptp—ptp
—Pu T
—— CMS K-Okaeih =
LHCDb .
CDF
—— DO KOK—7+

Y

2

- T K
_ s ————j
KTK~— g

-y

KOIRK?

e

0.01 1
Branching Ratio x 106
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HFAG: Rare subgroup (cont’d)

Forward-backward Asymmetry (App)

In PDG2012  New since PDG2012 (preliminary)  New since PDG2012 (published)

IPP#  Mode % [(GeV/c?)?] ¥ PDG2012 Avg. BABAR Belle CDF § LHCbD New Avg. |

24 Kete- <2.0 —0.02 £ 0.26 0.061032 £0.02  —0.19703T +0.09 —0.03015
Kt [2.0,4.3] 0.24+0.6 —0.437098 £0.09  0.327017 £0.10 0.207015
Ko [4.3,8.68] -0.201919 —-0.201519 £0.03  0.087005 +0.01 —0.08 £ 0.06
Kete- [10.09, 12.86] —0.151015 —-0.211017 £0.06  —0.0475 15 £ 0.03 —0.111962
Kete [14.18,16.00] 0.03+937 0.041932 £ 0.05  —0.0710 0% £0.01 —0.041008
Kete- > 16.00 0.0310 09 0.0210 04 £0.02  0.0575}5 £0.05 0.0370-0¢
Kete- [1.00, 6.00] 0.261027 £0.07  0.1375 ] £0.02 0.1475-10

25 K*ete- <20 0.4519-26 0471520 4£0.03  0.05752%+£0.10 —0.15+0.20+0.06  0.1240.13
K*0te- [2.0,4.3] 0.14 4+ 0.27 0111034 £0.07 0117031 £0.16  —0.0575 30 £0.04 0.011512
K*ete- [4.3,8.68] 0.24 +0.24 0457005 £0.15  0.0970 1] £0.04 0.2770-0% £+ 0.02 0.2570-0%
K*0te- [10.09, 12.86] 0.53 £ 0.15 0.431000 £0.03  0.447013 £0.08 0.2770-12 £0.02 0.39 £ 0.07
K*ete- [14.18, 16.00] 0.531012 0701025 £0.10  0.5370 00 £0.07 0477005 £0.03  —0.08 £0.05
K*ete- > 16.00 0.6775:19 0.667016£0.04 0357017 +£0.06  —0.1675 11 +0.06 0.3215:07
K*ete- [1.00, 6.00] 0.267020 £0.07 0197037 £0.05  —0.0670 15 £0.04 0.0579-19

T see the original paper for the exact ¢ selection. 1 muon mode only (£ = p).

Heavy Flavor Averaging Group
August 2012
Fraction of the Longitudinal Polarization (F7p)

In PDG2012  New since PDG2012 (preliminary) New since PDG2012 (published)

RPP# Mode ¢% [(GeV/c?)?]t PDG2012 Avg. BABAR Belle CDF { LHCb f New Avg. |

125 K*ete- <20 0.35+£0.17 0201020 £0.02 0257075 £0.04 000702 £0.02 0197008
K*e+e- [2.0,4.3] 0.60 £ 0.20 0.71+£0.24£0.05 0717012 £0.07  0.77£0.15+£0.03  0.71 £ 0.09
K*ete- [4.3,8.68] 0.741013 0.64102% £0.07  0.727012+£0.05 0607050 £0.01  0.63£0.05
K*ete- [10.09, 12.86] 0.23 £0.12 0171015 £0.03 0381011 £0.04  041£0.11+0.03 0.32£0.06
K*0te- [14.18,16.00] 0.34 £+ 0.31 —0.157927 £ 0.07  0.407011 £0.04  0.37+£0.09+0.05 0.34+0.07
K*ete- > 16.00 0.11+p12 0121015 £0.02 0197017 £0.07 026709 +£0.03  0.19F008
K*ete- [1.00, 6.00] 0.67+£0.23+£0.05 0.767017+£0.07 0.55+0.10+0.03 0.62+0.08

T see the original paper for the exact ¢ selection. 1 muon mode only (£ = p).
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HFAG: Charm subgroup

Global fit g 1_5% CPV allowed
- : >
Active Members: results L

Jonathon Coleman (BaBar)
Lawrence Gibbons (CLEO-c)
Bostjan Golob (Belle)

no mixing
Ruslan Chistov (Belle) excluded
Daniele Pedrini (FOCUS) i at >100
Arantza Oyanguren Campos (BaBar) 0- —
Alan Schwartz (Belle) i 20
Marco Gersabeck (LHCb) o4 ieo
-0.5 0 0.5 1 1.5
Tasks: _ X (%)
Mixing g colimETm 8 2
CPV in mixing/interference g 60
Direct CPV 2 40
Semileptonic (form factors) 20f consistent
Decay constants o ‘gg"’/ no

Excited D's (D**, D_,)
Rare decays
Charm baryons

02 04 06 08 1 1.2 1.4 1.6 1.8
lg/pl
A. Schwartz and T. Gershon/HFAG PDG Meeting, CERN October 6, 2012 12



HFAG: Charm subgroup (cont’d)

Mixing parameter y .p:

CHARM 2012
| | Evidence (4.10) for direct CPV in
E791 1999 |I e Il 0.732 + 2.890 = 1.030 % A DO KK A DO .
cp(D°—KK) — A cp(D° —mn):
3.420 = 1.390 = 0.740 %
CLEO 2002 I ! 0 I I -1.200 = 2.500 = 1.400 % S o015 — o= o B bt
' - S5 AAgp LHCb
Belle 2009 . 0.110 = 0.610 = 0.520 % 0.015 P
[ A, BaBar Prelim.
[ V) A Belle Prelim.
LHCb 2012 H 0.550 = 0.630 = 0.410 % 0.005 -
0

1.110 = 0.220 + 0.110 %
Belle 2012 H _0.005

0.720 = 0.180 = 0.124 % -0.01 — \::::A:vw Z

D
-0.015 :§
Wld 0.86610.155% _0.02||||||||||||||||\r\ A N T B
orid average ST R -0.02 -0.015 -0.01 -0.005 0 0.005 0.01 0.015 0.02
43210123 45 apno

Yep (%)
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Active Members:
Kiyoshi Hayasaka (Belle)
Boris Shwartz (Belle)
Hisaki Hayashii (Belle)
Alberto Lusiani (BaBar)
Mike Roney (BaBar)
Swagato Banerjee (BaBar)

Tasks:
Tau mass
Branching fractions
Extraction of |V, |
Lepton-flavor-wolating limits

A. Schwartz and T. Gershon/HFAG

PDG Meeting, CERN

HFAG: Tau subgroup
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0.215 0.22 0.225
AV
us

K decays, FlaviaNet 2010
0.2254 = 0.0013

K, decays, FlaviaNet 2010
0.2252 + 0.0013

CKM unitarity

0.2255 = 0.0010

T — Kv /1t — v, HFAG 2012
0.2229 + 0.0021

Tt — Kv, HFAG 2012
0.2214 + 0.0022

T — s inclusive, HFAG 2012
0.2173 = 0.0022

t average, HFAG 2012
0.2202 + 0.0015

‘ Winter 2012\
Bl HFAG-Tau

10'55_ °® e00ee
°

90% C.L. upper limits for LFV t decays

XX'v Wt 7 4 Bell
XA AL A a elle
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E A X
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g A
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Summary of activities

® Some new B, D, t results still coming from full Babar data set
® New B, D, t results coming from full Belle data set [Y{(4S) and Y (5S)]
® New D, B_results coming from full CDF/DZ data sets

® D°-D° mixing and new ¢, (y) results from B-factories are obtained
using strong phase measurements from CLEOc

® Many new B, B*, B_, D measurements now coming from LHCb

HFAG has evolved to be more LHC-centric, should be
busy and relevant for several years to come

® Interaction with PDG is productive

HFAG will remain active in providing averages to the PDG
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